A fluorescence movie recorded during the oligomerization of 4-fluostyrene (pure compound).
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Zeolite materials. Large zeolite H-ZSM-5 crystals (dimensions: 100 × 20 × 20 µm 3 ) were used as provided by ExxonMobil (Machelen, Belgium). The synthesis has been reported elsewhere. 1, 2 The average bulk Si/Al ratio of 17 was determined using X-ray fluorescence (XRF). Tetrapropylammonium as template was removed by calcination at 823 K for 8 h (1 K/min). The crystals were subsequently converted into their acidic form by a triple ion exchange with 10 wt % ammonium nitrate (99+% Acros Organics) at 353 K, followed by 6 h calcination at 773 K. The steamed zeolite H-ZSM-5 was treated at 773 K in a water-saturated N 2 flow (150 mL/min) for 5 h. Prior to measurements, the zeolite crystals were activated at 773 K (1 K/min) for 24 h in static air to avoid residual fluorescence. Single molecule fluorescence microscopy. An inverted epifluorescence wide-field microscope (Olympus IX-71) was used for the single molecule experiments. Both a 532 nm excitation (100 mW, a 545 nm long-pass filter) and a 561 nm excitation (50 mW, a 575 nm long-pass filter) were used. 4-fluorostyrene dimers were excited at 532 nm, whereas 4-methoxystyrene dimers could be efficiently excited with both excitation wavelengths. The Fluorescence intensity trajectories were typically turned into binary trajectories with on (1) and off (0) states. The trajectories were thresholded according to a 6σ criterion. Thus, all intensities lower than background + 6σ were taken as non-fluorescent states. C correlation spectrum the MAS frequency was lowered to 10 kHz. 13 C-13 C mixing was achieved through protondriven spin-diffusion using Phase-alternated-recoupling-irradiation-schemes (PARIS) for 120 ms. 5 71 kHz SPINAL64 1 H decoupling was applied during both direct and indirect dimensions. 6 The 2D CP 13 C-13 C spectrum were processed using a 0.5 π shifted sine squared window function in both dimensions. For the DE based spectrum, the F1 domain was extended through linear prediction using 8 LP coefficients and 8 LP output points. Prior to .33 π shifted sine squared function was used in both dimension. 7 All NMR spectra were processed with Bruker Topspin 3.5 and analysed using SPARKY. 8 Assignments of the identified spin-systems in the NMR spectra are summarised in Table S1 . Remaining unassigned spin-systems are listed in Table S2 .
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Periodic DFT calculations.
DFT calculations with periodic boundary conditions were done with the Quantum Espresso software suite 9 interfaced with ASE, 10 using ultrasoft pseudopotentials and the BEEF-vdW functional. 11 This functional takes dispersion interactions into account by basing the nonlocal correlation term on the work of Lundqvist, Langreth and coworkers (vdW-DF2). [12] [13] [14] [15] The calculations employed a plane wave basis set, using a cutoff of 500 eV for the kinetic energy (700 eV for unit cell optimization, see below), and 7000 eV for the density. The cutoff values were chosen based on converging chemisorption energies (see below) within 40 meV.
Electronic energies were converged to 10 -6 eV, using a Fermi smearing of 0.1 eV. All calculations sampled the Brillouin zone by the Γ point only. Gas phase molecules were placed in orthorhombic cells leaving 7.5 Å from the molecule to the cell wall in all directions. The orthorhombic unit cell of the silicalite-1 MFI structure was optimized by simultaneously relaxing atomic positions and lattice vectors to a force threshold of 0.03 eV/Å and pressure threshold of 0.5 Kbar, exploiting the stress tensor derived by Sabatini et al. 16 The resulting lattice parameters a=20.34, b=20.01 and c=13.48 Å, compare well to the values a=20.090, b=19.738 and c=13.142 Å in the IZA database. All zeolite calculations employed the MFI S5 unit cell with the optimized lattice parameters and one Si/Al substitution (Si/Al = 95).
Structure relaxations were carried out with the BFGS routine implemented in ASE, using force thresholds of 0.01 eV/Å for molecules, and 0.03 eV/Å for zeolite structures. In the latter all atom positions were relaxed. Electronic chemisorption energies were calculated as:
where E(adsorbate) is the energy of the gas phase neutral adsorbate. E(ZH) is the energy of a protonated zeolite structure relaxed from the chemisorbed ion-pair complex by removing the adsorbate and adding a proton to the acid site. This relaxation strategy is employed to limit spurious effects of framework relaxation in ∆E chem . where N is the total number of observations. 17 Matlab 2017a autocorrelation function (autocorr) has been used to calculate the ACFs of the fluorescence intensity trajectories. The
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ACFs were subsequently fitted with mono-and bi-exponentials. obtained on H-ZSM-5 after being exposed to 13 C 8 -styrene at 393 K. Additional unassigned spinsystems are indicated as yellow diamonds, green triangle and brown circles (see Table S2 ).
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Figure S6. Zoom of 13 C-1 H correlation spectrum using INEPT based scalar transfer. Figure S7 . Histograms of the equilibrium constant K, for the data set presented in Figure 2c . Note the majority of 4-fluorostyrene blinking emitters having K<1, whereas 4-methoxystyrene emitters have at least two distinct populations K<0.5 and K>1.5, including the highly photostable emitters, K>>1. Table S4 . Calculated reaction energies ∆E r for formation of the protonated 4-fluorostyrene trimer from the protonated linear dimer and the neutral monomer. All species were located in the MFI zeolite framework as specified. : ∆E r not calculated, as the reaction is highly unfavourable at T5.
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